This study evaluated land cover change and slope gradient on selected soil quality parameters in the Gumara watershed, northwestern Ethiopia. 36 soil samples were collected from 0-to 20-cm depth under four land cover types across three slope gradients. The collected soil samples were analyzed for selected soil quality parameters. Result indicated that the bulk density of the soil is different (P < 0.001) in the watershed because of land cover change and slope gradient. Cultivated land and steeper slopes have the highest bulk density and lowest total porosity. On the other hand, the forestland and gentler slopes have lowest bulk density and high total porosity. Intensive cultivation accompanied by continuous conversion of forestland to cultivated land caused high bulk density and low total porosity. Cation exchange capacity, exchangeable magnesium total nitrogen, available phosphorus and potassium negatively correlated with slope gradient. Conversion of forestland to cultivated land contributed to changes in pH (P < 0.05) exchangeable calcium (P < 0.01), potassium (P < 0.001), available phosphorus (P < 0.01) and nitrogen (P < 0.01) content. The soil degradation index results showed that soil organic carbon, nitrogen, available phosphorus and exchangeable potassium contents declined and bulk density increased because of the land cover change. This negative effect on agricultural development and environmental health of the watershed makes an integrated land resource management approach vital for sustaining agricultural productivity and the environment health of the Gumara watershed.
Introduction
Soil as a fundamental natural resource performs key environmental, economic and social functions. These functions of soil vary over space and time governed by a soil quality. The quality of soil is its capacity to function within ecosystem and land use boundaries, to sustain biological productivity, maintain environmental quality and promote plant, animal and human health (Doran et al. 1996) . High-quality soil not only produces better food and fiber but also helps to establish natural ecosystems and enhance air and water quality (Griffiths et al. 2010) . Capacity of soil in its water absorption and buffering against induced changes, resistance to erosion and damage, supplying of adequate rooting, oxygen and nutrient balances to plants is taken as key indicators of soil quality (Jing et al. 2011 ). Soil quality changes over time influenced by several factors, such as land-use dynamics (Islam and Weil 2000; Compos et al. 2007 ) and natural factors like topography (Jing et al. 2011) as well as geomorphic processes, e.g., soil erosion (Buscot 2005) .
Over the last decades, some research has been done on land use/cover change and its impact on soil quality dynamics (Lambin et al. 2001) . For instance, studies of impacts of land-use change on soil fertility quality in the highlands of Ethiopia (Woldeamlak and Stroosnijder 2003; Mulugeta 2004; Negassa and Heluf 2004) indicate that forest and shrub lands have high fertility quality compared to grass and cultivated areas. Contents of organic matter and total nitrogen (N) of the soil declined due to deforestation and continuous cultivation (Mulugeta 2004) . In western Ethiopia, Nega and Heluf (2009) conclude that conversion of natural forest land into grazing land and cultivated lands caused loses of cation exchange capacity (CEC) in the magnitude of 38% and 50%, respectively in the surface (0-20 cm) soils.
Apart from land-use impacts, local variations in properties of a soil are determined by topographic attributes as it is one of the soil-forming factors (Brubaker et al. 1993; Jing et al. 2011) . Topographic factors expressed by elevation, slope gradients and positions play great roles in changing the climatic condition of a given area. These variations in topographic characteristics determine the local spatial variation of soil characteristics. For instance, status of fertility quality shows variation due to variation in topography and slope gradients of the area (Wolde et al. 2007 ). The upper slope areas had lower nutrient concentrations than lower areas as a result of erosion of top soil and subsequent deposition in the lower slope (Alemayehu 2007 ). In the same way, Gregorich et al. (1998) observed organic carbon losses in upslope shoulder slope gradient; whereas, gentler slope areas and level depressions undergo organic carbon accumulations. Thus, variation in soil property is caused by a complex of interaction of natural (e.g., slope gradient) and man-made (e.g., land-use dynamics and management) factors. However, the contributions of these factors to the spatial variation of soil quality changes could not be always uniform and cannot be easily predicted. Therefore, the objectives of this study are to assess the impact of land use/cover change and slope gradient variation on the physical and biochemical properties of the soil in the Gumara watershed of the Lake Tana basin, North-West Ethiopia.
Methodology

Description of the study area
Gumara watershed is found in northwestern Ethiopia, located between latitudes 11°34′-12°N and longitudes 37°33′-38°11′E (Fig. 1) . The elevation ranges from 1784 m to 3408 m above mean sea level (amsl) . It has 1470.20 km 2 and forms a part of Lake Tana basin forming the source of Blue Nile, northwestern Ethiopia. A mountainous and hilly dissected terrain with steep slopes characterizes the upper stream whereas an undulating topography and gentle slopes form the downstream parts of the study watershed. The area is drained by numerous smaller streams including Gumara (the largest stream in the watershed) that flows to Lake Tana.
The soils covering much of the watershed can be classified into clay loam, sandy loam and clayey to silt clayey. The clay loam soils are imperfectly to poorly drained soils occupying the Fogera-Dera flood plains adjoining Lake Tana where the Gumara river ends. The well-drained sandy loam soils are very shallow and eroded covering steeper slopes. The clay to silt clay soils occur on nearly level to gently The climatic type is generally humid (EMS 2013). The mean annual temperature is 20.5 °C and the average total annual rainfall is 1300 mm. More than 75% of the total rainfall occurs in the months of June to September (kiremt season) (Fig. 2 ). Corresponding to topographic variation, different natural vegetation types were observed in the area. As a result, Juniperus podocarpus (locally called Zigba) and Juniperus procera (locally referred to as Tid) were found at elevation of 3000 masl. Whereas Dodonaea anguistifola (locally known as Kitkita) and Euclea schimpera (known locally as Dedeho) were found between 1900 and 2200 masl. Syzygium guineense (locally known as Doqima) and Ficus sp. (locally named as warka) were found in gentler slopes and along stream banks.
The total population of the watershed was 198,879 (1984) and 485,816 (2007) and 487,576 (2013) 
Soil-sampling procedures
Major land use/cover types were identified according to biophysical factors and dominant human activities (Table 1) . For the sake of this study, soil-sampling sites were selected by stratifying the catchment based on the dominant LC types and difference in slope gradient. The whole catchment was classified into three slope gradient categories: gentle (1-14%), moderate (15-29%) and steeper slope (30-45%). Soil samples were taken from the four land cover types of each slope gradient category from November to December, 2015. All sampling points were georeferred with Global Positioning System (GPS). Clinometers were used to measure slope gradients of soil-sampling sites. From topsoil (0-20 cm), three replicated disturbed samples were collected from five end points of × mark of each representative land use/cover classes from each slope gradient category (gentle 9%; moderate 22%; and Steeper 36%). Then 36 disturbed soil samples (4 land-use cover categories, 3× replicate samples, and 3× slope gradient categories) were collected. In the same way, undisturbed soil samples for some selected Areas covered with shrubs, bushes and small trees Grazing land (GL) Grasslands used for communal grazing soil physical analysis from the surface (0-20-cm depth) are extracted with a help of core sampler of known volume. The collected disturbed soil samples were mixed in a tray and homogenized into single composite samples for laboratory analysis. The soil was then air-dried, grounded and passed through a 2-mm sieve for laboratory analysis. Assessment of the soil quality is indirectly done when measuring the dynamic soil properties, which serve as indictors of soil functions. The selection of soil quality indicators varies according to soil functions and the intended management goal. Since the main purpose of assessing soil quality in this study is to evaluate its status for crop production, only the soil parameters that are crucial for plant growth such as SOC, N, P, K and bulk density were considered.
Soil laboratory analysis
Soil bulk density values were measured in undisturbed soil samples taken with a known volume of core ring samplers after drying the soil samples in an oven at 105 °C to constant weights. Soil particle size distribution was determined by the Bouyoucos hydrometric method (Bouyoucos 1962) . The pH of the soil was measured in water and potassium chloride suspension in 1:2.5 (soil:liquid ratio) (Van Reeuwijk 1992). The Walkley and Black (1934) wet digestion method was used to estimate the organic carbon and the content of organic matter was obtained by multiplying the content of organic carbon by a factor of 1.724. Total N was analyzed using Kjeldahl digestion, distillation and titration method as described by Black et al. (1965) . The available phosphorous (P) was analyzed according to the standard procedure of Olsen method (Olsen 1954) . Cation exchange capacity (CEC) and exchangeable bases were determined by ammonium acetate (NH 4 OAC) method at pH 7.0. Exchangeable Ca and Mg in the extracts were analyzed using atomic absorption spectrometer (AAS), while Na and K were analyzed by flame photometer (Rowell 1994) . The CEC was determined by percolating the NH 4 OAC extract by 10% NaCl (Chapman 1995) . Percentage base saturation (PBS) was calculated by dividing the sum of exchangeable bases (Ca, Mg, Na and K) by the CEC of the soil and multiplying it by 100. CEC-clay ratio was determined by dividing CEC values by the total clay content of the soil and multiplying the value by 100. Total porosity was calculated by dividing the values of the bulk density by an assumed particle density of 2.65 g/cm 3 and multiplying the result by 100.
Soil degradation index
Soil degradation index (SDI) was computed on the assumption that the status of soil properties under the cultivated land, grazing land and shrub lands was once similar to less disturbed forestland. Accordingly, the difference between the mean values of soil properties under cultivated land, grazing land and shrub land was compared with mean values of soil properties under forestland and expressed as a percentage of the mean value of individual properties (Lukman 2004) . After percentages of the required soil properties were averaged, the soil degradation index was computed by considering the values of important soil parameters such as soil organic carbon, nitrogen, phosphorous, potassium and a bulk density for plant growth.
To get supportive idea about the degradation of soil and the perception of farmers in the cause and consequences of soil fertility decline in the study watershed, 120 households were selected from each slope gradient category through systematic sampling technique. Moreover, focus group discussion (FGD) was made with different groups of societies in the watershed to get qualitative information about the level of understanding of farmers regarding the environmental protection and future sustainable land management options.
Data analysis
The physical and chemical properties of the soil obtained from the soil analyses were subjected to two-way analysis of variance (ANOVA) to find out the influence of land cover change and slope gradient variation on the selected soil quality parameters and their interaction effects using the general linear model (GLM) procedure using SPSS version 20. The Fisher's least significant difference (LSD) was used to separate significantly differing treatment means after main effects were found significant at (P ≤ 0.05). Moreover, the Pearson correlation coefficient analysis was applied to determine the relationship between some soil variables, land cover types, and slope gradient. Multiple comparisons were also computed to check if there are differences within or between groups. Data on the perception of households regarding the cause and consequences of soil degradation were analyzed using statistical frequency distribution analysis method. The data obtained from the focus group participants were analyzed qualitatively and used to substantiate results obtained through questionnaire.
Result and discussion
Impacts of land cover types and slope gradient on soil physical property
Soil bulk density
Soil bulk density was significantly affected by land-use types. In fact, bulk density is significantly varied with landuse types due to difference in land management and land-use history (Moges and Holden 2008) . The highest mean (1.42 g/ cm 3 ) value of bulk density was observed under the grazing land and the lowest mean (1.31 g/cm 3 ) under the forestland at all the slope gradients. Pondo et al. (2004) also found higher soil bulk density values in grazing lands compared to other land-use types. Compaction resulting from intensively grazing animal might have caused a relatively high bulk density in grazing land than that of cultivated land. In contrast, the research conducted in Ethiopia by Husien et al. (2015) reported higher bulk density values in cultivated land than in woodland and shrubland.
The present result indicated the existence of significant (P < 0.001) effect of slope gradient on soil bulk density ( Table 2 ). The mean soil bulk density value in the steep slope was the highest (1.51 g/cm 3 ) which was 7 and 12% higher over the moderate (1.34 g/cm 3 ) and gentler (1.27 g/ cm 3 ) slope gradients, respectively. This indicates that the removal of fine particles from higher slope leaves higher concentration of coarser particles behind that causes higher bulk densities in such sites. For this reason, we found significant and negative relation of bulk density with clay (r = − 0.95**) fraction and significant and positive relation of bulk density with sand (r = 0.81**) fraction. Besides, bulk density had significant and negative relation with soil organic carbon (SOC) (r = − 0.56**). The correlation indicates that the presence of relatively higher clay fraction and SOC lowers soil bulk density. In line with this, Achalu et al. (2012) revealed that organic carbon decreases bulk density through its positive effect on soil aggregation.
Total porosity
The average values of total porosity of grazing land, cultivated land, shrubland and forestland were 48, 48.51, 49.69, and 50.87%, respectively. Total porosity of a soil was influenced by change in slope gradient (P < 0.001) and land use (P < 0.05) ( Table 2 ). The highest total porosity (50.87%) found in the forestland compared to grazing land (48%) caused a 7% decline in porosity. This result indicated that the conversion of forestland to cropland accompanied by intensive cultivation without appropriate soil management caused a declining pattern of total porosity of the soil.
The mean total porosity content of the interaction of land-use type by slope gradient was significantly different (P < 0.05) from each other (Table 5 ). Considering the interaction effect of land use by slope gradient, the highest interaction mean value of total porosity (54.96%) was obtained in the gentle slope of forestland whereas the lowest value (42.13%) was observed in the steep slope of shrubland ( Table 2) . As a result, the total porosity of the soil in the Gumara watershed increases with the decreasing of slope gradient. This is related to the accumulation of contents of organic matter and clay that maximize the level of the total porosity of soil in the gentler slopes of the watershed. Higher total porosity can make the soil workable and will have favorable plant rooting conditions. The reduction in total porosity may have a negative impact on the infiltration capacity and moisture content of the soil. As a consequence, sandy soils of the steeper slope gradient of the study area will have lower contents of moisture availability for plant growth. Moreover, soils with high total porosity (e.g., clayey soil in the gentler slope areas of the study watershed) possibly results in surface water accumulation which can initiate soil erosion. From these points of view, soil and water management technology selection and implementation should consider the texture of the soil and the slope gradients of the study area.
Soil texture class
The texture of the soil in the study watershed showed variation in terms of land use and slope gradient. Accordingly, the highest average sand content (35%) was observed under the cultivated land and the lowest (31%) was recorded in the forestland. On the other hand, the lowest silt fraction (30%) was recorded in grazing land while the highest silt content (35%) in shrubland where as the highest (36%) and lowest (30%) of clay was found on forestland and cultivated land, respectively ( Table 3) .
The clay content varied from 27 to 40% in all slope gradients. The clay content increased as one moves from the steeper to gentler slope areas of the watershed. The result could be due to deposition from up land areas, resulting into enrichment of the low-lying area.
The silt content varied from 32.2% at both steeper and moderate slope gradients to 35% in the gentle slope gradients. This shows a removal of silt content from the moderate and steeper slopes and its counter deposition in the gentler slope gradients. This indicates that the geomorphic process in the study catchment is strong enough to detach and remove both finer and medium-sized particles to lower slope gradients. As a consequence, relatively high concentration of contents of sand (39.5%) was observed in the steeper slope gradient areas compared to the moderate and gentler slope gradients. This confirms that erosion is a selective process that can remove clay and silt particles and leave the coarse fragments behind. Li and Lindstrom (2001) also observed a linear decrease in clay content and a corresponding increase of sand content in the steeper slope due to the selective removal of fine particles by water.
Impacts of land cover types and slope gradient on the chemical soil quality parameters
Soil pH Table 4 shows that soil pH values varied from 5.77 to 6.64. The pH value observed in the study area is within the ranges of moderately acidic to slightly acidic. Soil pH was significantly affected by land use (P < 0.001) and slope gradient (P < 0.05) ( Table 5 ). Transformation of land from forest to cultivated land caused a reduction of soil pH value in the study watershed. As a result, the highest (6.64) and the lowest (5.77) soil pH values were recorded under the forest and the cultivated land, respectively. The multiple comparison result also showed that pH content of the soil differed (P < 0.001) between cultivated and forest land as well as between grazing land and forest land (P < 0.01) ( Table 6 ). The lowest value of pH under the cultivated land reflects a presence of intensive cultivation and the removal of the basic cations during crop harvest and consequent drainage to the nearby streams due to runoff caused by accelerated erosion.
Considering the slope gradient, the highest and lowest mean value of pH (6.44) and (5.77) were observed in the gentler and steeper slope gradients, respectively (Table 4 ). The multiple comparisons indicated that pH differed (P < 0.001) between gentler and steeper slope gradients ( Table 6 ). The study in Canada by Hendershot et al. (1992) also reported that the concentration of pH is higher in the gentler slopes compared to the steeper slopes. The higher soil pH values in the gentler slope gradient could be attributed to the accumulation of bases that were presumed to have been removed from the top to the bottom slope position (Garcia et al. 1990 ). The lowest value of pH at the higher slope gradients is due to loss of basic cations through run off which in turn increases the activity of H + ion in the soil solution, reduces the soil pH and increases soil acidity. The other reason for the reduction of soil pH in steeper slopes might be related to the difference in the management practices such as crop rotation and fertilization rate.
Soil organic carbon
Contents of soil organic carbon (SOC) ranged between 1.64 and 3.44% (Table 4 ). SOC content of less than 2% is considered very low (Landon 1994) . In this study, soil organic carbon content was significantly (P < 0.01) affected by land-use change and slope gradient (P < 0.05) ( Table 5 ). This result is similar to Bovine et al. (2000) that indicated SOC shows significant variation in landuse change and slope gradient. Amount of soil organic carbon was relatively high (3.44%) under forest land and low in cultivated lands (1.64%) ( Table 4 ). The decline in SOC contents in the cultivated land following deforestation and conversion to cultivated lands might have been aggravated by the insufficient application of organic carbon from the farming system due to residue removal and absence of crop rotation. This idea was substantiated by different scholars (Duff and Rasmusen-Smiley 1995; Grace et al. 1995) . In addition, leaching problem that can be attributed to the relatively high sand content in the steeper slope and the resultant light texture of soil in the gentler slope areas might have contributed to the reduction of SOC in the steeper slope compared to the gentler slope of the watershed. The multiple comparison result showed that the SOC content of soil differed (P < 0.001) between all land-use types (Table 6) .
With regard to the interaction between SOC and slope gradient, the highest (3.03%) and the lowest (2.16%) values of SOC contents were recorded on the gentler and steeper slope gradients, respectively (Table 4 ). The highest concentration of the SOC in the gentler slope gradients is caused by differences in geomorphic processes of erosion in steeper slopes and deposition in gentler slope gradients in such sites. The multiple comparisons also indicated that there is significant difference of soil organic carbon content between steeper and moderate slope gradient (P < 0.01) (Table 6 ). Thus, the geomorphic processes conditioned by slope gradient factors must be considered in the practices of land management strategies.
Total nitrogen
Total nitrogen content of the soil was (P < 0.01) influenced by the land-use types and slope gradient (Table 5) . It accounted a maximum of 0.19% in the forestland and a minimum of 0.08% in the cultivated land (Table 4 ). Thus, this showed 30% depletion of total nitrogen due to the conversion of virgin land to cultivated land. A similar conclusion was made for the soils of Bako area of central Ethiopia (Wakene 2001) . The considerable reduction of total nitrogen in cultivated land could be related to the rapid mineralization of the organic substrates derived from root biomass following intensive cultivation (McDonagh et al. 2001 ). The highest nitrogen content under forestland resulted from nutrient recycling as the amount extracted returned to the soil as leaf litter. The average nitrogen content decreased considerably from 0.19% in the gentle slope to 0.10% in the steep slope gradients which shows a reduction of total nitrogen by about 69% in the steep slope areas of the watershed compared to gentler slope gradients. The multiple comparison result clearly indicated that (P < 0.001) there is a significant variation in the soil content of total nitrogen between all land-use types in all slope gradients of the study watershed ( Table 6 ). The gentler lands of the study watershed are not susceptible to soil erosion thereby leading accumulation of nitrogen and other soluble elements as discussed earlier. On the other hand, the steeper slope lands are highly susceptible to runoff and erosion that caused removal of nitrogen from such sites. At the same time, the gentler slope land was more commonly used as pastureland which is also important to maintain the concentration of nitrogen. As a general fact, the concentration and distribution of nitrogen in the study watershed showed a similar trend with organic carbon concentration among land-use type and slope gradient. For this reason, contents of total nitrogen had positive and significant correlation with SOC (r = 0.860, P < 0.05). The low contents of total nitrogen (Landon and Landon 1991) in the study watershed resulted from the low level of soil organic carbon content and mineralization of the existing soil organic matter following cultivation and communal free grazing. The limited use of nitrogen-containing inputs such as commercial fertilizer and plant and animal residues in such continuous cropping land and communal grazing land has contributed to the loss of total nitrogen throughout the study watershed. In the study watershed, crop residues are collected for animal feed, fuel, thatching and temporary construction purposes. Similarly, animal dung and waste are collected for fuel. These could be probably the major factors contributing to low contents of soil organic carbon and consequently the decline of total nitrogen in the soil system.
Available phosphorus
The result for available P showed that it varied from 2.08 to 6.34 mg/kg (Table 4) and was influenced by both slope gradient (P < 0.01) and land-use type (P < 0.05) (Table 5) . It was the highest in forestland and lowest in grazing types of land use. Accordingly, the highest 5.20 mg/kg and the lowest (3.26 mg/kg) available phosphor contents were observed in forest and grazing land-use type, respectively (Table 4) . Although level of available P can be generally rated as low (Landon and Landon 1991) in the study watershed, there is a decline of 37.5%, 23.6% and 4.6% in the grazing, shrub and cultivated from forestland, respectively. Contents of available phosphors were higher (4.98 mg/kg) in gentler slope and the lower (3.76 mg/kg) in steeper slope gradients. The multiple comparisons also indicated that there is significant difference of available phosphorus content between gentle and steep slope gradients (P < 0.05) and between steep and moderate slope gradients (P < 0.01) ( Table 6 ). The high concentration of phosphorus in the gentler slopes is related to its removal from steeper and deposition in gentler slope gradients. As is discussed earlier, geomorphic processes of erosion-deposition are responsible in the spatial variations of available P in the study watershed.
Exchangeable cations
Exchangeable magnesium (Mg) of a soil was influenced by change in slope gradient (P < 0.01) and the interaction effect between land-use change and slope gradient (P < 0.05) ( Table 5 ). The average value of exchangeable value of cultivated land, forestland, grazing land and shrubland were 0.86, 1.91, 1.24 and 1.31 mg/kg 2 , respectively ( Table 4 ). The highest exchangeable (1.91 cmol c (+)/kg) found in the forestland compared to cultivated land (0.86 cmol c (+)/kg) caused a 54% decline in the amount of exchangeable magnesium. This result indicated that the conversion of forestland to cultivated land cause a decline in the amount of exchangeable magnesium. Exchangeable magnesium mean values showed differences across slope gradients (P < 0.05) ( Table 5 ). The mean value of exchangeable magnesium varied between 1.11 and 1.74 cmol c (+)/kg soil across all slope gradients (Table 4 ). The lower concentration of magnesium was observed in the steeper and moderate slopes than in the gentler slope. The increment of concentration of exchangeable magnesium from the steeper and moderate slope to the gentler slope indicated that there is a downward leaching of basic cations from the steep slope area and accumulated in the gentler slopes. Exchangeable potassium (K) varied between 0.42 and 1.31 cmol c (+)/kg soil and was influenced by land-use type (P < 0.05) and slope gradient (P < 0.05, Table 5 ). Soil under cultivated land and grazing land had lower exchangeable K than other LC types (Table 4) . Lower K was observed under cultivated soils; the LC change from forestland to cultivated land and grazing land and continuous harvesting without fertilization may lead to decline in exchangeable K over time. Low level of exchangeable K in the Gumara watershed may affect plant growth, soil quality and productivity. In the same way, exchangeable sodium (Na) showed difference in land-use type and slope gradient in the study watershed (Table 6 ).
The value of exchangeable calcium (Ca) presented in Table 4 shows that a range of 11.93 to 20.83 cmol c (+)/kg was influenced by slope gradient and land-use type. The mean value of exchangeable calcium (ca) under the forest, the grazing shrub land and the cultivated lands were 17. 63, 16.24, 16 .01 and 14.38 cmol c (+)/kg, respectively. The exchangeable calcium content of the soil in the study watershed was (P < 0.005) influenced by land-use type and (P < 0.05) by slope gradient. Considering the three slope gradients, exchangeable calcium was the highest (19.45 cmol c (+)/kg)) in gentler slopes and the lowest (12.76 cmol c (+)/kg) in the steep slope gradients. The lowest value of exchangeable calcium in the steep slopes could be related to the influence of intensity of cultivation and abundant crop harvest with little or no use of input as indicated by Singh et al. (1995) .The multiple comparisons also indicated that there is significant difference of exchangeable calcium between gentle and steep (P < 0.001) and between steep and moderate slopes (P < 0.001) ( Table 6 ). Exchangeable calcium was positively and significantly correlated with Mg (r = 0.78**), CEC (r = 0.08**), clay (r = 0.65**) and total N (r = 0.76**), while it was inversely and significantly (P < 0.05) correlated with sand.
The cation exchangeable capacity (CEC) value of the Gumara watershed was significantly (P < 0.005) affected by both slope gradient and (P < 0.005) land-use change but not affected by the interaction effect of land-use change and slope gradient (P > 0.05) ( Table 5 ). The mean values of CEC ranged from 19.91 to 32.69 cmol c (+)/kg in the cultivated and forestland, respectively (Table 4 ). The high amount of CEC in the forestland and its decline in the cultivated land may be related to the availability of high soil organic carbon.
CEC values on the gentler slope gradients were significantly different from those on the steeper and moderate slope gradients (Table 4) . The values in the gentler slope (29.23 cmol c (+)/kg) are higher than values in moderate and steeper slopes (27.26 cmol c (+)/kg and 24.28 cmol c (+)/kg), respectively. The highest CEC value in the gentle slope is related to the availability of high concentration of soil organic carbon and clay content. This is an indication that SOC and clay are major sites for exchangeable cations. CEC depends mainly on the organic matter content and clay content of the soil (Rowell 1994; Wild 1993) . Accordingly, it was positively and significantly correlated with clay (r = 0.854**) and organic carbon (r = 0.891**), while it was inversely and significantly (P < 0.05) correlated with sand (r = − 0.768**). As a result, it is important to protect removals of clay and organic matter by processes of erosion. The multiple comparisons indicated that there is significant difference of CEC between all types of slope gradients: gentle and steep (P < 0.001) and between steep and moderate (P < 0.001) (Table 6 ). This indicated that the continuous and ongoing deposition of sediments on the gentle slope (Moges and Holden 2008) has the impact on the suitability of the soil for cultivation and will put the upper part of the catchment not conducive for agriculture.
Soil degradation index
Soil degradation index (SDI) was determined as a function of soil organic carbon, bulk density, available phosphorus, exchangeable potassium and total nitrogen of the soil that are crucial for plant growth. The calculated values of the SDI of the selected soil parameters in different land use indicate the level of soil quality in each land-use type.
The soil degradation index of the Gumara watershed ranged from − 236 to − 364%. The SDI was highly influenced by land-use type. The highest (− 364%) was observed under the cultivated land (Table 7) . The highest value of SDI in the cultivated land could be an indication of the decline of soil quality due to the removal of the necessary nutrients such as phosphorous, nitrogen, potassium and a deterioration of soil organic carbon and bulk density as a result of over cultivation and poor cropping system as explained above. The study conducted by Fentaw et al. (2006) in the Bale mountain region indicated that the deterioration of soil quality is commonly observed when natural forest was converted to cultivated land.
The second highest SDI value (− 334%) of the watershed was observed in the grazing land (Table 8 ). This as well indicated that the conversion of forestland to grazing land facilitates the decline of soil quality. In line with this, Nael et al. (2004) indicated that deforestation followed by over grazing resulted in the deterioration of the physical, chemical and biological quality of the soil resources.
Relatively low (− 292%) soil quality degradation index of the watershed was observed in the area where forestland was converted to shrubland. This indicated that when the land use is converted from forestland to the shrubland, the decline in the important nutrients of the soil is not as serious as the as the cultivated and the grazing land (Table 9 ).
Farmers' perception of soil degradation in the study watershed
As indicate in Table 10 , farmers of the study watershed are very well aware of the degradation of soil due to erosion. About 82.6% of the respondents acknowledged that soil erosion as a problem at least in one of their plots. In addition, about 75.4% of the respondents acknowledged that erosion is increasing in their plots.
Farmers of the study watershed asserted the presence of soil erosion by expressing the major indicators that resulted following the manifestation of soil erosion in the watershed at varying levels. Hence, 73.4% and 60.2% of the respondents expressed that formation of gullies and elimination of formerly grown crops from the watershed to be as the major indicators of the existence land degradation on their lands, respectively. Moreover, about 52% of the farmers of the watershed suggested that decreasing of the depth of the soil as indicators of land degradation. Others (48.5%) describe the existence of soil erosion by observing the declining of the productivity of the soil. On the other hand, some 22% of the respondents in the watershed relate the existence of soil erosion with the stoniness of the soil. Thus, the above result and the information obtained from the focus group discussion indicated that soil erosion problem is perceived by the majority of the respondents in terms of reduced productivity of land, gully encroachment and its appearance on arable land, decrease in the capacity of soil to grow a variety of crops, decrease in the depth of top soil, decline in the water holding capacity of soils and decline in yield from the farm (Tables 11, 12, 13) .
Regarding the causes of soil erosion, most respondents mentioned topography of the land (71%). Participants in the focus group discussion mentioned that one of the major causes of soil degradation is the steepness of the land itself. They added that during torrential and sudden rainfall, it is not uncommon to see down slope movement of huge amount of soil. The absence of fallowing was mentioned as the other factor of land degradation in the study area (64%). Shortage of arable land together with increasing interest of farmers to produce more food crops made fallowing to be a forgotten activity in the study watershed. As a result of this, farmers are forced to crop their land continuously which in turn makes the soil susceptible for erosion. In line with this, Shiferaw and Holden (1998) stated that due to increasing intensification and continuous cultivation on sloping lands without supplementary use of soil amendment and conservation practice, the vast area of Ethiopian highlands could be classified as severe to moderate soil degradation level.
About 56% of the respondents indicated that deforestation as the cause for the removal of soil (Fig. 3) . The cutting of trees for various activities such as, for the making of farming utensils, construction purpose, and expansion of cropping land and as a source of fuel wood is common in the Gumara watershed. As a result, many areas in the watershed are seen as devoid of any forms of vegetation cover.
Productivity decline of land is related to different factors. About 85% of the respondents in the Gumara watershed associated this with the loss of soil nutrients. Due to removal of vegetation and continuous cropping, the soil becomes easily susceptible to erosion. Little or no fallowing is also another factor indicated by the households as a responsible factor for the decline of productivity in the watershed. About 65% of the respondents agreed the absence of fallowing as the cause for the decline of land productivity in the study watershed. The participants in the focus group discussion also expressed that fallowing is limited due to scarcity of land for agriculture. The other factor related to the decline in land productivity is aging of the land. About 43% of the respondents agreed the decline of productivity in the watershed is related to the cultivation of the land for a long period of time without rest. Studies so far made convincingly indicated that short fallow period, aging of the land and nutrient depletion are widely observed in different parts of Ethiopia (Gete and Hurni 2001; Woldeamlak 2003) . 
Conclusion
The combined effects of land cover change and variation in slope gradient caused significant change in the quality of the soil in the Gumara watershed. The influence on most soil parameters was negative following the land-use change from the forestland to shrubland, grazing land and cultivated land. The change in slope gradient and land use not only causes change in the content of the soil particles but also the change in the spatial distribution. For instance, OC, N, CEC, K, clay and PH soil parameters in the watershed are the highest in the lower slope and relatively low in the moderate and steeper slope gradients where soil erosion is maximum. The calculated deterioration indices of the soil quality parameters (bulk density, soil organic carbon, total nitrogen, phosphorus and potassium) at the surface layer (0-20 cm) showed negative values in the cultivated land, grazing land and shrubland as compared to the values of the forestland which was relatively undisturbed. The highest deterioration index value (− 364%) was observed under cultivated land and the least (− 236%) was recorded in the shrubland. The degradation value in the watershed clearly indicated that the conversion of forestland to other land-use types by human interaction is the major factor for the cause of soil quality decline in the watershed.
The decline of soil quality in the Gumara watershed is not only related to land-use conversion, there are also some other direct and indirect causes related to it. The direct cause of soil quality degradation including decline in the use of fallowing, removal of crop residues from the top soil, limited application of chemical fertilizer, deforestation and over grazing is apparent and generally agreed by the farmers of the study area. In addition to this, the process of prolonged use of lands for crop production with no or only little inputs has exacerbated soil quality decline leading to soil degradation, which may ultimately lead to complete loss of the productivity of land and prevents sustainable use of land resources. Therefore, the control of such damaging effects would require proper land management strategies such as agro forestry, crop rotation, fallowing, terracing and proper land-use planning. Further research on soil quality and integrated land resource to introduce land-use planning for sustainable land resource management practice in the Gumara watershed is required.
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